Summary.-The ovaries of children with abdominal tumours were studied in 12 autopsy specimens. Ovaries from 25 children who died in accidents or after a short acute disease served as controls. All ovaries from normal children showed follicle growth, but follicle development was inhibited in 67% of the children with abdominal tumours.
growth, but follicle development was inhibited in 67% of the children with abdominal tumours.
The effect of treatment with cytotoxic drugs and/or abdominal irradiation on ovarian morphology was investigated. Normal ovaries were found only in children who had received no chemotherapy or a short course. All patients who had been treated with radiation therapy either alone or in conjunction with chemotherapy had severely damaged ovaries: follicle growth was inhibited in all cases, and the number of small non-growing follicles was markedly reduced in most. It is argued that abdominal irradiation might impair follicle development as well as destroy small follicles.
THE treatment of malignant solid tumours in children may involve irradiation and chemotherapy (Harrison et al., 1974; D'Angio et al., 1976) . During the last decade there has been a considerable increase in the cure rate, and more children so treated will reach adulthood. An evaluation of the sequelae of the treatment, and in particular of the effect on the reproductive organs, has therefore become of practical importance. Inhibition of ovarian development in children treated with chemotherapy has recently been reported (Himelstein-Braw, Peters and Faber, 1977) . Delayed effects of irradiation on the development and function of different internal organs including the ovary have been described (Meadows and D'Angio, 1974; Jaffe, 1975) . Ovarian failure, amenorrhea and abnormal serum levels of gonadotrophin and oestradiol, following abdominal irradiation in childhood, have recently been reported (Shalet et al., 1976) . However, the ovarian morphology after irradiation is not yet known.
The purpose of this paper was to study the ovaries of children with abdominal tumours, and to determine the effect of treatment on ovarian development.
MATERIALS AND METHODS
Ovaries from 12 children wit,h abdominal tumours were obtained at autopsy. Eight of the children died of abdominal neuroblastoma and 4 of nephroblastoma (Wilms' tumour). The age of the children at death varied between 5 months and 7 years. Most of the children had abdominal surgery as part of the treatment. The cases w-ere divided into 4 groups according to the treatment they received (Table) Histological preparation and classification of the ovaries.-Immediately after removal at autopsy the ovaries wNvere opened longitudinally and fixed in Bouin's solution for 24 h. After dehydration, they were embedded in paraffin. Forty to 100 serial midsections (5 to 7 ,um) w%ere cut from each block and stained with Harris' haematoxylin and eosin, or Heidenhain's azan. The specimens were examined microscopically. Ovarian sections from 25 children of similar ages who had died in accidents or after a fulminating short disease served as control.
Two stages of ovarian development were recognized ):
(1) The actively growing ovaries contain the small follicles. They represent the pool of resting (non-growTing) follicles from which all subsequent follicle growth is recruited. Furthermore, preantral as w%ell as several small (diameter <0 5 mm) and large (diameter >0 5 mm) antral follicles are present. In additioii. degenerating, collapsed follicles are seen, as well as scars of large follicles.
(2) The quiescent ovaries contain only small, non-growing follicles. An occasional scar of an atretic follicle might be present.
In all quiescent cases, the number of small, non-growing follicles was counted in 10 high-power fields and compared with the counts of similar areas in control ovaries.
RESULTS

Control ovaries
All ovaries were actively growving.
They contained non-growing, preantral and antral follicles of different sizes, as well as scars and collapsed follicles (Fig. 1) .
At least 2 large aind several smiiall anitral follicles were alwavs present. The cortex in all cases was characterized by many small follicles (Fig. 2) Ovaries fromn children with abdominal turnours
Morphology. Only 4/12 ovaries could be classified as actively growing (Table, nos. 1, 2, 3 and 4). Metastasis in the ovary was seen in 2 cases (Table, nos. 1 and 3). 8/12 (67%) ovaries were quiescent (Fig. 3 ). They were small and contained only non-growing, small follicles. Scars of atretic follicles were present in most of these cases, but growing and collapsed follicles were not seen. In addition, 5 of these ovaries showed a reduced number of small, non-growing follicles (Fig. 4) . Three to 500o of a normal small follicle population remained in these cases (Table, (Block, 1952; Valdes-Dapena, 1967; Lintern-Moore et al., 1974; Himelstein-Braw et al., 1976; Peters et al., 1976) . However, certain diseases seem to interfere with the normal development (Peters et al., 1975 ).
The present series shows that the ovarian development might be impaired in some children with abdominal tumours.
The ovaries of 67% of the children showed no follicle growth at the time of death (quiescent ovaries). Inhibition of follicle development and ovarian abnormalities have recently been reported in children who died of leukaemia. suggested that this was caused by the use of cytotoxic drugs rather than by the disease itself. It was shown that a short course of chemotherapy did not affect the ovaries, while prolonged use caused inhibition of follicle growth. The present observation confirms these findings. The children who received surgical treatment alone, or had been under chemotherapy for only-a short time, had normal ovaries, while inhibition of follicle growth was seen in all patients who had either prolonged chemotherapy, abdominal irradiation or both (Table) .
Six of the patients reported here received radiation therapy either alone or in conjunction with chemotherapy. The ovaries of all these girls were abnormal.
Radiation sensitivity of the human ovary is not verv well defined. It can be expressed either as disturbances in the function of the ovary as seen in the clinical picture of the patient, or it can be defined morphologically by observing abnormalities in the ovary itself (e.g. a reduction in the number of small follicles or an inhibition of follicle growth). The human oocyte has been called "one of the most radioresistant known" (Baker and Neal, 1969) . This judgement was based on in vitro irradiation with 100 to 7000 rad of ovaries obtained from prepubertal mice and rats, prepubertal and mature monkeys and human foetuses. The effect of irradiation of the prepubertal or mature human ovary was not investigated. Clinical reports, however, indicate that the ovarian function can be severely disturbed by therapeutic doses of radiation. Premenopausal women who received 500 rad to the ovarian region show amenorrhea, permanent sterility and decreased oestrogen excretion (see review by Rubin and Casarett, 1968) .
There are only a few reports concerning the radiation effect on ovaries of prepubertal girls. Portman and McCullagh (1 953) reported lack of sexual development and menstrual cycles in a girl of 1 7 years who had received 1300 rad to the ovaries at the age of 15 months. Primary amenorrhea has been observed in 3/6 girls who had been given 2500 rad to the abdomen for tumour therapy (Schreiber and Polishuk, 1956; Pearson, Duncan and Pointon, 1964) . Shalet et al. (1976) (Table, nos. 8, 9 and 11). Short-term chemotherapy has been reported to be without effect on the small follicles (HimelsteinBraw et al., 1977) , while prolonged treatment destroyed them (Miller, Williams and Leissring, 1971; Warne et al., 1973) . The combination of long term chemotherapy and abdominal irradiation seems particularly damaging to the ovary, as in the one case so treated, only a very small fraction (30 %) of the small follicle complement survived (Table, no. 12).
